INTRODUCTION {#sec1-1}
============

Epigenetics is defined as the study of mitotically and meiotically heritable changes in gene function that are not dependent on DNA sequence.\[[@ref1]\] The major difference between epigenetics and genetics is that epigenetic changes occur more frequently than genetic changes. The epigenetic changes are reversible by treatment with pharmacological agents.\[[@ref2]\] Epigenome, the overall epigenetic state of an organism, is just as important as the genome for normal development and environmental factors can also have profound effects on the epigenetic changes and induce susceptibility to disease.\[[@ref3]\]

In mammalian cells, there are three types of epigenetic regulation on gene expression- the DNA methylation, histone modification, and RNA-associated silencing (micro-RNA)\[[@ref4]\] \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\]. The enzymatic DNA methylation of the C-5 position of cytosine residues in the CpG islands of the promoter region of a gene is considered as the most important epigenetic mechanisms in mammals.\[[@ref5]\] More and more evidences have shown that epigenetic modifications play a crucial role in cancer and other diseases.\[[@ref6]\] The epigenetic modifications have been further discussed and summarized in [Table 1](#T1){ref-type="table"}.

![DNA methylation and de-methylation mediated by DNA methyl transferase (DNMT) and de-methylase enzymes and their role in gene expression](JISP-19-142-g001){#F1}

![Histone modifications and its import on chromatin configuration and gene expression](JISP-19-142-g002){#F2}

![Micro RNA\'s and their role in translational repression](JISP-19-142-g003){#F3}
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Summary of epigenetic modifications and their influence on gene expression
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ROLE OF EPIGENETIC CHANGES IN PERIODONTAL DISEASE {#sec1-2}
=================================================

Epigenetic events determine gene expression through the remodeling of chromatin and selective activation or inactivation of genes. These events induce changes in cytokine profile, immune mechanisms, and thereby contribute to the pathogenesis of various infectious and inflammatory diseases.\[[@ref12]\] Chronic periodontitis is a multifactorial disease characterized by inflammation and destruction of the tooth supporting structures.\[[@ref13]\] Although periodontitis has a microbial etiology, its progression can be influenced by several factors such as systemic diseases, environmental factors, and genetic factors.\[[@ref13]\] The exact role of epigenetic changes on bacteria-induced host inflammatory response has not been studied extensively. Patients with the same clinical features respond differently to the same treatment, suggesting inter-individual variability influenced by genetic,\[[@ref14]\] as well as epigenetic factors.\[[@ref15]\] This review focuses on such epigenetic alterations which could help in understanding the mechanisms relating to periodontal disease activity.

EPIGENETIC IMPRINT OF BIOFILM ON PERIODONTITIS PATHOGENESIS {#sec1-3}
===========================================================

The oral environment has a diverse microbial profile. The tooth provides a hard nonshedding surface that facilitates the formation of dental plaque. The plaque bacteria evoke host immune response in the gingival epithelium. Gingival epithelia utilize multiple signaling pathways to regulate innate immune responses to various oral bacteria, but little is understood about how these bacteria alter the epithelial epigenetic status. Recent evidence has shown, bacteria belonging to the orange and red complex can cause epigenetic changes in the periodontal tissues.\[[@ref16]\]

A recent study by Yin and Chung\[[@ref17]\] provides a new insight into the bacteria-specific innate immune responses via epigenetic regulation. The authors reported that the presence of bacteria results in epigenetic modifications in gingival epithelia and exposure to different oral bacteria results in differential methylation profile. In the study, stimulation of gingival epithelial cells (GECs) with *Fusobacterium nucleatum* resulted in hypermethylation of Mucosa associated lymphoid tissue lymphoma translocation gene 1 (*MALT1*) and thereby a lack of Nuclear factor kappa B production by GEC. On the other hand, stimulation of GEC with *Porphyromonas gingivalis* resulted in hypomethylation of ZNF287 a DNA binding protein believed to be involved in transcriptional regulation. In addition, *P. gingivalis* significantly decreased the tri-methylation of histone H3 K4 protein expression, but *F. nucleatum* did not, indicating that *P. gingivalis* could suppress the activation of transcription, which was found to be consistent with the "stealth-like" properties of *P. gingivalis*.

Chung and Dale,\[[@ref18]\] reported a differential induction of downstream innate immune markers following exposure of GECs to different oral bacteria. The authors reported that different signaling pathways were involved for different bacteria. Similar studies by Yin *et al*.\[[@ref19]\] and Chung *et al*.,\[[@ref20]\] have also demonstrated a lower level of cytokines and chemokines secretion in *P. gingivalis* -- stimulated dendritic cells and GEC\'s.

Earlier reports had demonstrated that *P. gingivalis* produces a broad array of virulence factors that could trigger GECs through pathogen-associated molecular pattern receptors such as toll-like receptor (TLR) TLR2/TLR4\[[@ref21]\] or protease-activated receptor\[[@ref22]\] which lead to the activation of transcription signaling pathways NF-κB, MAPK (mitogen-activated protein kinase), and MEK/ERK (mitogen-activated protein kinase/extracellular regulated kinase). Huang *et al*.\[[@ref23]\] reported that both recruitments of NF-κB to target promoters and NF-κB-induced transcriptional genes are modulated through chromatin modification. It is, therefore, likely that connections exist between these transduction signaling pathways and DNA methyltransferase and histone deacetylase.

From the above-mentioned studies, it can be inferred that perio-pathogens like *P. gingivalis* can modulate the host defense through inducing epigenetic changes in transcription factor expression in GECs.

EPIGENETIC CHANGES IN CYTOKINE GENES IN CHRONIC PERIODONTITIS {#sec1-4}
=============================================================

Several studies have been performed in recent years on epigenetic changes in the cytokine genes implicated in periodontal disease pathogenesis. One of the earliest studies on epigenetic changes in subjects with chronic periodontitis,\[[@ref24]\] evaluated the methylation status of DNA in the promoter region of interleukin-8 (IL-8; a chemokine) in gingival and oral mucosal cells, leucocytes in blood from healthy individuals, smokers and nonsmoker subjects with chronic periodontitis. The authors also co-related the methylation status with m-RNA levels of IL-8 and reported a higher percentage of hypomethylation of IL-8 gene in chronic periodontitis subjects (independent of smoking) in DNA of oral mucosal cells, no significant differences were observed in gingival and blood cells between different groups with regard to the methylation status.

Evaluation of epigenetic changes in the promoter region of Prostaglandin synthase 2, the gene coding for cyclooxygenase (COX-2) in chronic periodontitis subjects, revealed a hyper-methylation status of the gene and lower levels of COX-2 transcription in inflamed gingival biopsy.\[[@ref25]\] Another study in the subjects with aggressive periodontitis evaluated the DNA methylation status in the promoter region of IL-8 gene in oral and GECs also. The authors reported a hypomethylated status in oral and GECs of subjects who presented with generalized aggressive periodontitis.\[[@ref26]\]

Zhang *et al*.,\[[@ref27]\] evaluated the presence of epigenetic modifications in the promoter region of interferon gamma (IFNG) gene in different stages of periodontal disease and the authors reported a significant hypomethylation and increased IFNG transcription in gingival biopsies from chronic periodontitis sites.

Epigenetic changes in E-Cadherin and COX-2 genes have been examined in chronic periodontitis and nonperiodontitis subjects and breast cancer biopsies.\[[@ref28]\] A hypermethylation of E-Cadherin and COX-2 was observed in similar proportions in breast cancer (E Cadherin - 38% and COX-2: 35%) and chronic periodontitis subjects (E Cadherin - 25%, COX - 2:19%). The authors concluded that epigenetics changes observed in the two genes in periodontitis subjects might be related to the irreversible destruction in the tissues similar to that observed in cancer.

The epigenetic alteration of cytokine levels assumes significance in that, it can influence the type of Immune (Th) response and also regulate DNA methyltransferase (DNMT) expression in T cells and, therefore, play a significant role in regulation of immune response.

EPIGENETIC BASIS FOR IMMUNE-REGULATION IN PERIODONTITIS PATHOGENESIS {#sec1-5}
====================================================================

Chronic periodontitis is characterized by a host inflammatory response to the specific periodontal pathogens. The host immune response is characterized by an innate and adaptive phase. One of the most important immune mechanisms through which the innate and adaptive pathways are interconnected is the TLR pathway. Micro-RNAs have been implicated in controlling TLR responses to the bacteria. A recent study\[[@ref29]\] reported that polymicrobial infection with three periodontal pathogens (*P. gingivalis*, *Treponema denticola*, *Tannerella forsythia*) enhanced the levels of the miR-146a in ApoE^-/-^ mice with experimental periodontitis. In the same study, THP 1 monocyte cell line cultures were stimulated with a combination of the periodontal pathogens, and an increase in mi-RNA levels was shown in a time-dependent manner and this co-related with the down-regulation of adaptor kinases IL-1 receptor-associated kinase 1 (IRAK-1), tumor necrosis factor (TNF) receptor-associated factor (TRAF-6), and TNF-alpha production by these cells. The authors concluded that the elevated levels of miR-146a contributed to endotoxin tolerance by negatively influencing IRAK-1 and TRAF-6 levels at a post transcriptional level and that miR-146a may represent a target for therapeutic intervention in periodontal disease.

A similar observation was made by Ceppi *et al*.,\[[@ref30]\] who examined the levels of miR-155 in monocyte-derived dendritic cells exposed to endotoxin lipopolysaccharide (LPS). An elevated level of miR-155 was demonstrated, and it was shown to down-regulate TAB2 (TAK1 binding protein 2) which plays an important role in IL-1 signaling pathways. The authors concluded that the miR-155 mediated the negative feedback loop and helped modulate the inflammatory responses of dendritic cells.

The micro RNA expression profile in chronic periodontitis as compared to healthy gingiva was evaluated in a recent study using the microarray technique,\[[@ref31]\] and miR-181b, mi-R19b, miR-30a, miR-let 7a, and miR-301a expression were shown to be significantly higher in periodontitis group as compared to the healthy group. The significance of these findings, however, remains to be yet determined.

In the pathogenesis of periodontitis, the progression from gingivitis to periodontitis is characterized by a transition from Th1 to Th2 subsets.\[[@ref32]\] The naïve T cells undergo differentiation into various lineages and during the differentiation process, changes in the chromatin structure occur through epigenetic mechanisms such as histone modification, DNA methylation, generation of DNAse I hypersensitive sites.\[[@ref33]\] The primary cytokine genes which define the lineage specificity include IFN Gamma gene for Th1 cell lineage, IL-4 gene for Th2 cell lineage, and IL-17 gene for Th17 cells. Difference in methylation patterns has been observed in the various T cell subsets. T cells belonging to the Th1 lineage were marked H3K4 me3 (active IFN-gamma gene), whereas Th2 cells have H3 K27 me3 in their IFN-gamma gene (repression of gene expression).\[[@ref34]\] Induced Treg cells have been marked with H3K4 me3 in the FoxP3 gene, which was, however, not observed in Th17 subset and n Tregs.\[[@ref35]\] Taking into consideration the above literature, and periodontitis being an inflammatory condition whose pathogenesis involves the different T cell subsets, further studies can be performed to analyze the role of the above-mentioned epigenetic marks in disease pathogenesis.

The role of autoimmunity in the pathogenesis of periodontitis has been explored since 1965.\[[@ref36]\] A later study by Hirsch *et al*.,\[[@ref37]\] demonstrated the presence of a high number of cells that secreted antibody against Type I and to a lesser extent type III collagen in gingival tissue biopsies of subjects with adult (chronic) periodontitis. The results of this study suggested the possibility of autoimmunity contributing to the pathogenesis of adult (chronic) periodontitis. Autoreactivity by T cells has been demonstrated following the inhibition of DNA methylation by methylation inhibitors, 5' Azacytidine in mature T cells. Anti-DNA antibody production may be augmented by overstimulation of B cells due to overexpression of cytokines, cell surface co-stimulatory molecules by de-methylated T cells.\[[@ref38]\] A similar overstimulation has been observed in periodontitis with polyclonal activation of B cells triggered by the periodontal pathogen *F. nucleatum*.\[[@ref39][@ref40]\] Natural T regulatory cells represent a subset of immune cells that have a suppressive function and also play a role in control of immune responses and maintain peripheral tolerance.\[[@ref41]\] Nakajima *et al*.,\[[@ref42]\] have demonstrated elevated levels of T regulatory cells in gingival biopsies from periodontitis subjects suggesting a role for this T cell subset in periodontitis pathogenesis. Fox P3, a transcription factor is very important for development and function of T regulatory cells. Epigenetic alterations at the Foxp3 locus by DNA methylation/histone modifications contribute to the establishment of a committed lineage of phenotypically stable regulatory T cells.\[[@ref43]\] Whether epigenetic pathways are involved in autoimmune mechanisms in periodontitis pathogenesis remains to be determined.

It is interesting to note that not all cases of gingivitis progress to periodontitis and that there are different models for progression of periodontitis. Epigenetic pathways by the virtue of their action on epithelial cells, pathogen-associated molecular pattern signaling pathways, immune regulatory mechanisms, and cytokine production variability may contribute significantly to periodontitis pathogenesis. \[[Figure 4](#F4){ref-type="fig"}\]

![The potential epigenetic pathways involved in periodontitis pathogenesis](JISP-19-142-g005){#F4}

ROLE OF ENVIRONMENT ON PERIODONTITIS PATHOGENESIS: THE EPIGENETIC PATHWAY {#sec1-6}
=========================================================================

Environmental influences have been proposed to contribute to the progression of periodontitis, and one of the important environmental risk factors for progression of periodontitis is smoking. Recent studies have demonstrated a global de-methylation induced by smoking increases the risk for development of tumors.\[[@ref44]\] A recent study by Oliveira *et al*.,\[[@ref24]\] evaluated the methylation status of Il-8 promoter in smokers and nonsmoker subjects with periodontitis and the authors concluded there was no significant difference between the groups with regard to the methylation status. However, no global methylation status studies have been done in smokers with periodontitis to assess the impact of smoking at an epigenetic level in subjects with periodontitis.

The role of micronutrients in periodontitis pathogenesis has been elicited in previous studies.\[[@ref45][@ref46]\] Nutrition has been shown to influence gene expression through epigenetic modifications.\[[@ref47]\] A well-documented example of this influence is folate deficiency during pregnancy leads to a lack of S-Adenosylmethionine a substrate required for the enzyme DNMT to methylate CpG residues during embryonic development.\[[@ref48]\]

Epigenetic mechanisms represent a pathway through which the gene expression can be modified by environmental factors such as smoking and nutritional factors.

EPIGENETIC LINK FOR PERIODONTITIS AS A RISK FOR SYSTEMIC DISEASES {#sec1-7}
=================================================================

Periodontitis has been proposed to be a co-morbidity factor in several systemic conditions. Few studies have evaluated the epigenetic changes in systemically compromised individuals with periodontitis, and the significance of these changes remains unknown.

The expression profile of micro-RNA in obese individuals with and without periodontitis was studied by Perri *et al*.\[[@ref49]\] The micro RNA\'s miR-18a, miR-30e were up-regulated among obese individuals with healthy periodontium and increased expression of miR-30e, miR-106b was observed in nonobese individuals with periodontal disease. However, in obese individuals with periodontal disease, several different mi-RNAs (mi R15a, mi R 18a, miR-22, mi R30 d, e, mi R-103, mi R 106b, miR-130 a, mi R-142--3p, miR-185, miR-210) were up-regulated. These micro-RNAs are involved in the regulation of genes coding for cytokines, collagen, chemokines, and several important lipid mediators. The significance of variation in these levels needs to be evaluated further in order to get a clearer understanding of the significance of these findings and their import on periodontitis as a risk for systemic diseases.

Recent studies have shown that the fetal environment can cause changes in the epigenome, with long-term consequences for gene regulation and age-related diseases.\[[@ref50]\] Bobetsis *et al*.,\[[@ref51]\] showed that periodontal infection can lead to placental-fetal exposure and when coupled with a fetal inflammatory response, leads to preterm delivery. Bobetsis *et al*.,\[[@ref52]\] established that infection with *Campylobacter rectus* induced hypermethylation in the promoter region of the Insulin-like growth factor (Igf2) gene in a murine placenta. The authors concluded that epigenetic alterations could be induced in the placenta by oral bacteria which could lead to alteration of the placental phenotype that influences the development of the fetus.

Epigenetic modifications represent a fertile field of research for establishing a link between focal infections such as periodontitis and systemic conditions.

EPIGENETIC MARKS IN PROGENITOR CELL LINEAGE DIFFERENTIATION AND IMPLICATION IN PERIODONTAL REGENERATION {#sec1-8}
=======================================================================================================

A study by Dangaria *et al*.,\[[@ref53]\] demonstrated that dental follicle progenitor population were distinguished from periodontal ligament cells, alveolar bone osteoblasts, cementoblast population by a switch from the euchromatin marker H3K4 me3 to the transcriptional repressor H3 K9 me3. The switch of epigenetic marks following dental follicle progenitor differentiation into different lineages was suggested to be an important event that was mediated by methyltransferases.

A recent study\[[@ref54]\] reported on the potential use of histone deacetylase inhibitor (sodium butyrate) in inducing the differentiation of periodontal ligament fibroblasts into osteoblasts. The authors observed an increased expression of osteoblast phenotype characteristics and inhibition of LPS induced reactive oxygen species, pro-inflammatory cytokine production in the periodontal ligament fibroblasts following exposure to the histone deacetylase inhibitor. The authors concluded that sodium butyrate was a potential therapeutic agent for periodontal regeneration.

The findings of the above two studies assume significance in that the switching of the epigenetic marks by means of growth factors/use of enzyme inhibitors can be applied in tissue engineering for achieving more predictable outcomes for periodontal regeneration.

EPIGENETIC THERAPY AS A PART OF PERIODONTAL DISEASE MANAGEMENT {#sec1-9}
==============================================================

Histone deacetylase inhibitors have been used for management of chronic inflammatory diseases involving bone. The deacetylase inhibitors help in promoting osteoblast maturation\[[@ref55]\] and suppressing resorption of bone by osteoclasts.\[[@ref56]\] Cantley *et al*.,\[[@ref57]\] examined the effectiveness of using 1179.4b (Class I, II HDAC inhibitor) and MS-275 (Class I HDAC inhibitor) on bone volume changes in *P. gingivalis* induced experimental periodontitis in mice. The authors concluded that 1179.4b reduced the *P. gingivalis* induced bone loss, whereas MS-275 had no significant effect. The above studies represent preliminary work for epigenetics as part of host modulation therapy for the management of periodontitis. The potential for further research is wide open, and epigenetic therapy may represent a new avenue for inflammatory disease management.

The various epigenetic marks that have been targeted with inhibitors to modulate epigenetic influences are summarized in [Table 2](#T2){ref-type="table"}.
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Epigenetic marks for therapeutic intervention and their inhibitors
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CONCLUSION {#sec1-10}
==========

Periodontitis is a chronic inflammatory disease, and its persistent nature could also exert a significant systemic impact on health, by serving a risk factor for atherosclerosis, chronic obstructive pulmonary disease, diabetes, adverse pregnancy outcomes, and rheumatoid arthritis. The traditional method for periodontal disease management involves techniques targeting the bacteria/pathogens. These have limitations, such as recurrence of the disease and bacterial resistance. Thus, developing new therapeutic strategies for chronic inflammation based on regulation of the host innate immune response is highly desirable. Knowledge about alterations in histone modifications, DNA methylation, and microRNA regulation will provide a better understanding of the molecular basis for various chronic inflammatory diseases. Progress in studies of epigenetic alterations during the inflammatory response opens opportunities for the development of effective medications for specific targets. Among the drugs currently proposed for epigenetic therapy are histone deacetylase inhibitors and demethylating agents, which target chromatin in rapidly dividing tumor cells and restore normal cell functions.\[[@ref60]\] The integration of the latest technological achievements in whole-genome microarray expression profiling and chromatin immunoprecipitation-based sequencing (ChIP-seq) methods will be instrumental in the development of epigenetic drugs with greater specificity.
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